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A B S T R A C T
Aims: There is a high prevalence of dental loss among patients with diabetes. Understanding the factors
that impact dental loss in this population will aid with developing new strategies for its prevention.
Methods: Using a cross-sectional study design, patients with diabetes presenting for routine clinic visit
were evaluated with an investigator-administered questionnaire. Data were collected on demographics,
dental history, duration, control and complications of diabetes.
Results: Among 202 subjects, 100were female, mean age: 58.9 ± 13.2 years, duration of diabetes: 15.8 ± 11.0
years, and hemoglobin A1c: 7.7 ± 1.6%. Thirty-one patients (15.3%) had lost all their teeth and only 13
patients (6.4%) had all 32 of their natural teeth. Using multiple linear regression, older age (β = −0.146;
95% CI: −0.062 to −0.230), not ﬂossing (β = −3.462; 95% CI: −1.107 to −5.817), and presence of diabetic
retinopathy (β = −4.271; 95% CI: −1.307 to −7.236) were signiﬁcant predictors of dental loss.
Conclusions: Dental loss is common in patients with diabetes and is associated with older age, diabetic
retinopathy and not ﬂossing. In order to reduce dental loss among patients with diabetes, regular ﬂoss-
ing should be emphasized as an important component of dental care.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
In the United States, the prevalence of diabetes in 2012 was
more than 29 million [1,2]. Compared to their age-matched non-
diabetic counterparts, patients with diabetes tend to lose their teeth
earlier in life [3]. It is estimated that individuals with diabetes are
1.46 times more likely to have at least one tooth removed, when
compared to those without diabetes [3]. In addition, patients with
diabetes have poorer dental health practices and are less likely to
have gone for a dental examination, when compared to non-
diabetic patients [4,5].
The mechanism for the increase in dental loss among patients
with diabetes likely relates to the increased incidence and severi-
ty of periodontal disease and dental caries among this population.
Inﬂammation resulting from bacterial growth in periodontal plaque
causes alveolar bone loss that ultimately results in the loss of teeth
[6,7]. Regular dental care and good oral hygiene practices have been
demonstrated to reduce the incidence of dental loss; however, there
is inadequate emphasis on prevention and treatment for dental
problems among medical providers caring for patients with
diabetes.
The purpose of this study was to assess the prevalence of dental
loss among our diabetes clinic patient population and to deter-
mine what clinical variables are associated with dental loss in this
population.
Materials and methods
Subjects
The details of our study methods have been published previ-
ously [8]. In summary, this was a cross-sectional study of all patients
with diabetes presenting for their routine care at a university out-
patient clinic. We included all adult patients (age ≥ 18 years) who
were willing to participate in the study. Informed consent and HIPAA
authorization were obtained from all included participants.
Some of the ﬁndings included in this article were presented in poster format
at the American Diabetes Association 75th Scientiﬁc Sessions, Boston, MA, 5–9 June
2015.
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Study procedures
Using a 48-item investigator-administered questionnaire [8], all
subjects were interviewed to obtain information about their age,
gender, body mass index (BMI), diabetes history (onset, use of
insulin), diabetes control and complications (A1c, retinopathy, neu-
ropathy, nephropathy, heart attack, stroke), dental care history (last
visit to dentist, frequency of brushing, ﬂossing and use of mouth-
wash), dental problems (loose teeth, bleeding while brushing, teeth
sensitivity and number of teeth) and presence of osteoporosis (treat-
ment for or history of osteoporotic fracture). We manually counted
their teeth, and all questionnaire responses regarding the above clin-
ical variables were veriﬁed from the patient’s clinic chart.
Questionnaire responses that were considered to suggest the pres-
ence of periodontal disease (i.e., gingivitis or periodontitis) included
any positive answer to a history of deep cleaning, loose teeth, tooth
sensitivity or gum bleeding when brushing. Patients were as-
signed unique study identiﬁcation numbers and de-identiﬁed data
were stored in a password-protected database.
Statistical analysis
Survey responses were summarized using means with stan-
dard deviations for continuous variables and using frequencies/
percentages for categorical variables. The appropriate univariate
analyses were done to ascertain the relationship between each sur-
veyed variable and the number of remaining teeth (i.e., dental loss).
For continuous survey variables, the appropriate univariate analy-
ses included Pearson correlations; for categorical survey variables,
the analyses included independent-samples t-tests and one-way
ANOVAs. Suitable non-parametric tests were performed when in-
dicated. Survey variables with signiﬁcant association (p-values < 0.05)
with number of remaining teeth were used to construct the mul-
tiple linear regression model for the prediction of degree of dental
loss. The alpha value for statistical signiﬁcance was set at p < 0.05,
and all statistical analyses were performed using SPSS version 22.0
(IBM).
Results
Participants
A total 202 consecutive patients with diabetes were inter-
viewedwith an investigator-administered questionnaire during their
routine clinic visit. Mean age and duration of diabetes were
58.85 ± 13.2 and 15.75 ± 11.0 years, respectively. Our population in-
cluded 100 female (49.5%), 105 Caucasian (52.0%), 39 Hispanic
(19.3%), and 35 African American (17.3%) subjects. Average BMI was
33.3 ± 8.2 kg/m3 and 67% were current or former smokers (Table 1).
Only 13 subjects (6.4%) had all their natural teeth, and 189 sub-
jects (93.5%) were missing one or more of their natural teeth (31
subjects had no teeth, 32 had 1–16 teeth and 126 had 17–31 teeth;
Fig. 1). Of those with teeth (n = 171), 87.7% had questionnaire re-
sponses suggestive of periodontal disease (Table 2).
Univariate analyses
Univariate analyses between each of the survey variables and
number of teeth revealed that the following variables were signiﬁ-
cantly associated with the number of remaining teeth: age (in years),
duration of diabetes (in years), smoking status (current/former vs.
never), ﬂossing, presence of retinopathy, presence of nephropa-
thy, presence of neuropathy, presence of periodontal disease, and
number of months since last visit to a dentist (Table 3).
Regression model
Signiﬁcant variables from the univariate analyses were in-
cluded in the multiple linear regression model for the prediction
of number of teeth remaining in a patient with diabetes (Table 4).
This model was signiﬁcant at p < 0.001 with an adjusted R2 of 0.181.
When adjusted for the other variables in this model (duration of
Table 1
Characteristics of survey respondents, n = 202
Mean (±SD), or number (%)
Demographics
Age, in years 58.85 (±13.2)
Gender (female) 100 (49.5%)
Body mass index (BMI) 33.29 (±8.2)
Race (Caucasian) 105 (52.0%)
Diabetes (DM) status
DM duration, in years 15.75 (±11.0)
Hemoglobin A1C, in % 7.67 (±1.6)
DM type (type 2) 176 (87.1%)
Dental status
Number of teeth 19.63 (±11.1)
Last dentist visit, in months 39.01 (±79.1)
Have dental insurance 117 (57.9%)
Vascular complications
Retinopathy 44 (21.8%)
Nephropathy 58 (28.9%)
Neuropathy 97 (48.0%)
Heart disease 39 (19.3%)
Stroke 29 (9.9%)
Other variables
Current or former smoker 136 (67.4%)
Bone disease 36 (17.8%)
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Figure 1. Current number of teeth in survey respondents, n = 202.
Table 2
Dental hygiene practices and dental health status of survey respondents with teeth,
n = 171
Number (%)
Dental hygiene practices
Brush teeth daily 168 (83.2%)
Floss daily 100 (58.5%)
Use mouthwash daily 114 (67.1%)
Dental health status
Have had a deep-cleaning 125 (73.1%)
Have loose teeth 14 (8.2%)
Experience tooth sensitivity 52 (30.4%)
Gums bleed 56 (32.9%)
Responses suggestive of periodontal disease
(i.e. one or more of above)
150 (87.7%)
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diabetes, smoking status, presence of nephropathy, presence of neu-
ropathy, presence of periodontal disease, number of months since
last visit to a dentist), age (β = −0.146; 95% CI: −0.062 to −0.230), not
ﬂossing (β = −3.462; 95% CI: −1.107 to −5.817), and presence of reti-
nopathy (β = −4.271; 95% CI: −1.307 to −7.236) remained as signiﬁcant
independent predictors of a lower number of remaining teeth in
patients with diabetes.
Discussion
Our study results showed a high prevalence of dental loss and
periodontal disease among patients with diabetes. When adjust-
ing for smoking status, duration of diabetes, presence of periodontal
disease and other complications, and number of months since last
dental visit, there were signiﬁcant associations between increased
dental loss and older age, not ﬂossing and the presence of diabet-
ic retinopathy.
The effect of poor glycemic control in causingmicrovascular disease
(retinopathy, neuropathy and nephropathy) andmacrovascular disease
(heart attacks and stroke) is well established and has resulted in spe-
ciﬁc recommendations for preventing and managing these
complications (foot care, eye exams, monitoring albuminuria, etc.).
Conversely, the effect of diabetes on oral health is underappreci-
ated by themedical providers and endocrinologists caring for patients
with diabetes [9–12]. Periodontal disease is a major risk factor for
dental loss; however, despite being more prevalent andmore severe
in patients with diabetes, it has not received similar attention com-
pared to the other complications of diabetes [13]. There is an absence
of abundant evidence showing the beneﬁcial impact of aggressive
dental care on desirable outcomes such as the reduction of vascu-
lar complications among patients with diabetes [14,15]. In addition,
there is decreased awareness in patients and their medical provid-
ers of good strategies for achieving improvement in their dental health.
For example, patients with diabetes are less likely to see a dentist,
when compared to those without diabetes [5].
In this study, we assessed the oral health status of a sample of
our diabetes patient population. We looked at how their dental
health is associatedwith other common clinical variables that predict
diabetes outcomes or are the outcomes themselves. We found a high
number of patients with survey responses suggestive of periodon-
tal disease (87.7%) in our DM patient population, which is notably
higher than the 46% prevalence of periodontal disease in the general
population [16]. There was an equally high prevalence of dental loss
(93.6%) among our patient population. Compared to the general pop-
ulation, where the proportion of patients who have lost all their teeth
was estimated to be 3.75% [17], we found that 31 (15.3%) of our pa-
tients with diabetes had lost all of their teeth. Our ﬁndings are
concordant with those from other studies that have investigated
dental loss in patients with diabetes [3,18–20].
As was expected, age was a strong predictor of dental loss, with
increasing dental loss at older ages. This is similar to previous reports
[19]. The underlyingmechanism for the age-related increase in dental
loss, outside of other known risk factors (diabetes, smoking, poor
oral hygiene and periodontal disease), likely relates to the loss of
alveolar bone with advancing age – similar to that found in osteo-
porosis [21,22]. Indeed, it has been hypothesized that loss of alveolar
bone as a result of osteoporosis provides an environment condu-
cive for increased bacterial bone-resorbing factors with the eventual
destruction of periodontal tissue and tooth loss if untreated [22].
Smoking and periodontal disease are known risk factors for dental
loss and were signiﬁcant in the univariate analyses but not signif-
icant in the regression model (after adjustment for other variables).
It is likely that the effect of these variables was less profound in a
diabetes population, similar to the ﬁndings of Javed et al., where
periodontal inﬂammatory conditions were comparable among
smokers and non-smokers with diabetes but were more severe in
smokers without diabetes compared to non-smokers without di-
abetes [23]. It is also possible that the other variables in the model,
such as age and ﬂossing, had a more profound effect on dental loss,
thus, limiting the effect of smoking and periodontal disease on dental
loss within our sample diabetic population.
We also found that patients with diabetic retinopathy had fewer
teeth than those who did not have retinopathy. This is similar to ﬁnd-
ings reported in a study conducted in Pima Indians that found a higher
prevalence of periodontal disease and dental loss in diabetes pa-
tients with retinopathy [18]. This relationship may be explained by
chronic systemic inﬂammation [24], which is more common in pa-
tients with periodontal disease and those with retinopathy. This
inﬂammatory response to periodontal disease, left untreated, results
Table 3
Results of univariate analyses of survey variables included in model versus number
of teeth
Variable Mean number of teeth
(or correlation coeﬃcient r)
p-value
History of or currently smoking* 17.45 for yes, 22.39 for no 0.001
Reports ﬂossing daily* 20.69 for no, 24.96 for yes 0.001
Presence of retinopathy* 16.00 for yes, 20.64 for no 0.023
Presence of neuropathy* 17.20 for yes, 21.88 for no 0.003
Presence of nephropathy* 16.12 for yes, 21.19 for no 0.006
Responses suggestive of
periodontal disease*
22.76 for yes, 26.24 for no 0.007
Age, in years* Correlation coeﬃcient r = −0.304 <0.001
Duration of diabetes, in years* Correlation coeﬃcient r = −0.140 0.047
Time since last visit to dentist,
in months*
Correlation coeﬃcient r = −0.264 <0.001
* Signiﬁcant at p < 0.05.
Table 4
Results of multiple linear regression of survey variables for prediction of remaining number of teeth
Model Unstandardized
coeﬃcients
Standardized
coeﬃcients
t Sig. 95.0% conﬁdence
interval for β
β Std. error Beta Lower bound Upper bound
(Constant)* 32.064 2.862 12.599 .000 30.411 41.717
Age, in years* −.146 .043 −.248 −3.427 .001 −.230 −.062
Smoking −2.017 1.123 −.128 −1.796 .074 −4.235 .200
Last visit to dentist, in months .005 .014 .029 .399 .691 −.022 .033
Retinopathy* −4.271 1.501 −.219 −2.845 .005 −7.236 −1.307
Nephropathy −1.733 1.377 −.097 −1.259 .210 −4.453 0.986
Neuropathy −.0.64 1.177 −.004 −.054 .957 −2.389 2.262
Not ﬂossing* −3.462 1.192 −.217 −2.903 .004 −5.817 −1.107
Responses suggestive of periodontal disease −2.210 1.688 −.092 −1.309 .192 −5.543 1.123
Duration of diabetes, in years .081 .060 .106 1.360 .176 −.037 .199
* Signiﬁcant at p < 0.05.
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in dental loss and also may contribute to the initiation of microvas-
cular disease such as retinopathy.
Among all the forms of dental care practices, ﬂossing was the
only technique that was signiﬁcantly associated with reduced dental
loss in our population, after adjusting for other dental loss risk factors.
This is likely because ﬂossing, which assists in plaque removal, is
more effective than brushing and use of mouthwash in reducing in-
ﬂammation and preventing periodontal disease – a cause of dental
loss [25].
Limitations
Given that this was a cross-sectional study, we were only able
to show associations between the variables of interest rather than
direct causation, but our results can guide the design of observa-
tional studies that further explore the degree of causation that these
variables may have with regard to dental loss. Also, although we
found some signiﬁcant associations between dental loss and certain
clinical variables, a larger sample size may provide greater power
to assess the effect of some of the other clinical variables that did
not achieve signiﬁcance in the present study.
Conclusion
Our ﬁndings highlight the burden of disease among patients with
diabetes as a result of poor dental care. There is a signiﬁcant and
notable association between dental loss and having diabetic reti-
nopathy. Our ﬁndings also suggest that good dental care, with
particular emphasis on regular dental ﬂossing, may have a signif-
icant impact on preventing dental loss in patients with diabetes.
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